ABSTRACT: The ATLAS detector uses a real time selective triggering system to reduce the high interaction rate from 40 MHz to its data storage capacity of 1 kHz. A hardware first level (L1) trigger limits the rate to 100 kHz and a software high level trigger (HLT) selects events for offline analysis. The HLT uses the Regions of Interest (RoIs) identified by L1 and provided by the Region of Interest Builder (RoIB). The current RoIB is a custom VMEbus based system that operated reliably since the first run of the LHC. Since the LHC will reach higher luminosity and ATLAS will increase the complexity and number of L1 triggers, it is desirable to have a more flexible and more operationally maintainable RoIB in the future. In this regard, the functionality of the multicard VMEbus based RoIB is being migrated to a PC based RoIB with a PCI-Express card. Testing has produced a system that achieved the targeted rate of 100 kHz.
. ATLAS TDAQ Architecture. software based approach is possible but requires a higher rate readout card [7] . Since data readout 20 cards operating at high rates became available and the capabilities of computers have improved 21 with the increase in CPU clock speed and number of cores, it became possible to implement the RoIB functionality using a PC based approach. The PC based RoIB must duplicate the functional-23 ity of the VMEbus based RoIB which means that the PC based solution must receive and assemble 24 the individual L1 fragments, and pass them as a single L1 result to the HLT. Modern computers 25 have multicore CPU architectures with the possibility of running multi-threaded application, a fea-26 ture which is being fully exploited in the RoIB software to achieve the desired performance of 100 27 kHz over 12 input links for fragment sizes of 400 bytes. This paper describes the evolution of the 28 RoIB from the VMEbus based system to the PC based system and gives details on the hardware, 29 firmware, and software designs used to achieve the full RoIB functionality. 
Hardware implementation

32
The RoIB is implemented as a custom 9U VMEbus system that includes a controller which con-33 figures and monitors the system along with custom cards that receive and assemble the event frag- Table 1 . 
System Performance and Evolution
53
The custom VMEbus based RoIB operated reliably during the first run of the LHC, however, it is 54 desirable to have a more flexible RoIB. In addition, the RoIB is getting close to its design limitation,
55
as seen in Figure 6 . For fragments of 400 bytes and inputs from eight L1 systems, referred to as 56 channels, the current RoIB rate limit is 60 kHz which is below the required 100 kHz at L1. While 57 the current fragment size coming from L1 are around 160 bytes, the sizes are expected to grow due 58 to the increase of instantaneous luminosity and the complexity of L1 triggers. The current VMEbus 59 
RoIB Software
95
The HLTSV is a multi-threaded application that obtains a L1 result from a variety of possible input 
Standalone Tests
117
The goal was to test input/output bandwidth limitations of the RobinNP and the rate of event 118 building. Initial performance testing used a standalone RobinNP application and an external source 119 that emulates the L1 trigger data in the form of 32-bit word fragments with 12 channels. In this 120 test, the host PC was running the assembly routine with a single threaded application. . Rate as a function of the fragment size (in bytes) with external source that emulates the L1 trigger input. The rates shown are for the input rate to the RobinNP without event building (EB) (triangle), rate with EB (circle), and for comparison, the current VMEbus RoIB rate is also shown (square).
150 kHz. This performance shows that the event building at the required rate of 100 kHz with 12 124 channels is achievable in a standalone application. 
Outlook
137
The RoIB will evolve from the VMEbus based system to the PC based system using a PCI-Express Figure 7 . Screenshot of a monitoring tool which shows the HLTSV processing rate using the ATLAS TDAQ software .
